Design of a multihundred-watt Dynamic Isotope Power System ( DIPS ) based on the U.S. Department of Energy ( DOE ) General Purpose Heat Source ( GPHS ) and small ( multihundred-watt ) free-piston Stirling engine ( FPSE ) is being pursued as a potential lower cost alternative to radioisotope thermoelectric generators ( RTG's ).
For missions where life and reliability are needed most, the RTG has proven to be a long lived and most reliable power source. But there is a high price to be paid. Since its thermoelectric conversion is not very efficient ( typically 6 -7 percent ), an RTG needs a substantial amount of heat source in order to produce a few electrical watts. For example, a GPHS RTG producing 285 electrical watts at beginning of life ( BOL ) requires over 4.4 thermal kilowatts heat source. For the power system and its user, this input must ultimately be disposed of as waste heat. Waste heat is a burden on the user since it must be continuously removed, placing a substantial auxilary cooling requirement on the spacecraft during launch and transit.
The heat source is very expensive, since the low emission and long half-life plutonium isotope used in GPHS, originally available as a byproduct from nuclear weapons production, is costly to produce and remaining stocks are limited From the heat source/heater head geometries studied, a preliminary small Stirling dynamic isotope power system configuration emerged. Fig. 9 
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ABSTRACT (Mmximum 200 words)
Design of a multihundred-watt Dynamic Isotope Power System (DIPS) based on the U.S. Department of Energy (DOE) General Purpose Heat Source (GPHS) and small (multihundred-watt) free-piston Stirling engine (FPSE) is being pursued as a potential lower cost alternative to radioisotope thermoelectric generators (RTGs). The design is targeted at the power needs of future unmanned deep space and planetary surface exploration missions ranging from scientific probes to Space Exploration Initiative precursor missions. Power level for these missions is less than a kilowatt. The incentive for any dynamic system is that it can save fuel, reducing cost and radiological hazard. Unlike DIPS based on turbomachinery conversion (e.g. Brayton), this small Stirling DIPS can be advantageously scaled to multihundred-watt unit size while preserving size and mass competitiveness with RTGs.
Stifling conversion extends the competitive range for dynamic systems down to a few hundred watts-a power level not previously considered for dynamic systems. The challenge for Stirling conversion will be to demonstrate reliability and life similar to RTG experience. Since the competitive potential of FPSE as an isotope converter was first identified, work has focused on feasibility of directly integrating GPHS with the Stifling heater head. Thermal modeling of various radiatively coupled heat source/heater head geometries has been performed using data furnished by the developers of FPSE and GPHS. The analysis indicates that, for the 1050 K heater head configurations considered, GPHS fuel clad temperatures remain within acceptable operating limits. Based on these results, preliminary characterizations of multihundred-watt units have been established. They indicate that, per electrical watt, the GPHS/small Stirling DIPS will be roughly equivalent to an advanced RTG in size and mass but require only a third the amount of isotope fuel. Effort is currently underway to produce a reference conceptual design. The design addresses system level issues such as mission environment, user vehicle integration,, launch and transit for a typical planetary spacecraft, in addition to basic requirements associated with launch safety, assembly and loading ground handling and storage. The emerging design will be the basis for showing how these requirements can be met, will permit further specification of components, and enable potential users to evaluate the small Stirling DIPS as a power source. 
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